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BACKWARD-COMPATIBLE AGGREGATION
OF PICTURES IN SCALABLE VIDEO
CODING

FIELD OF THE INVENTION 5

The present invention relates generally video coding. More
particularly, the present invention relates the coding, storage

and transport of scalable video.
10

BACKGROUND OF THE INVENTION

This section 1s intended to provide a background or context
to the invention that is recited 1n the claims. The description
herein may include concepts that could be pursued, butare not 15
necessarily ones that have been previously conceived or pur-
sued. Therefore, unless otherwise 1indicated herein, what 1s
described 1n this section 1s not prior art to the description and
claims 1n this application and 1s not admitted to be prior art by
inclusion 1n this section. 20

Scalable Video Coding (SVC) provides scalable video bait-
streams. A scalable video bitstream contains a non-scalable
base layer and one or more enhancement layers. An enhance-
ment layer may enhance the temporal resolution (i.e. the
frame rate), the spatial resolution, or the quality of the video 25
content represented by the lower layer or part thereof. The
scalable layers can be aggregated to a single real-time trans-
port protocol (RTP) stream or transported independently.

The concept of a video coding layer (VCL) and network
abstraction layer (NAL) 1s inherited from advanced video 30
coding (AVC). The VCL contains the signal processing func-
tionality of the codec; mechanisms such as transform, quan-
tization, motion-compensated prediction, loop filter, inter-
layer prediction. A coded picture of a base or enhancement
layer consists of one or more slices. The NAL encapsulates 35
cach slice generated by the VCL into one or more NAL units.

Each SVC layer 1s formed by NAL units, representing the
coded video bits of the layer. An RTP stream carrying only
one layer would carry NAL units belonging to that layer only.
An RTP stream carrying a complete scalable video bit stream 40
would carry NAL units of a base layer and one or more
enhancement layers. SVC specifies the decoding order of
these NAL units.

The concept of scaling the visual content quality by omit-
ting the transport and decoding of entire enhancement layers 45
1s denoted as coarse-grained scalability (CGS).

In some cases, the bit rate of a given enhancement layer can
be reduced by truncating bits from individual NAL units.
Truncation leads to a graceful degradation of the video qual-
ity of the reproduced enhancement layer. This concept 1s 50
known as fine-grained (granularity) scalability (FGS).

According to the H.264/AVC video coding standard, an
access unit comprises one primary coded picture. In some
systems, detection of access unit boundaries can be simplified
by 1nserting an access unit delimiter NAL unit 1nto the bit- 55
stream. In SVC, an access unit may comprise multiple pri-
mary coded pictures, but at most one picture per each unique
combination of dependency_id, temporal_level, and quali-
ty_level.

Scalable video coding mvolves the encoding of a “base 60
layer” with some minimal quality, as well as the encoding of
enhancement information that increases the quality up to a
maximum level. The base layer of SVC streams 1s typically
advanced video coding (AVC)-compliant. In other words,
AVC decoders can decode the base layer of an SVC stream 65
and 1gnore SVC-specific data. This feature has been realized
by specifying coded slice NAL unit types that are specific to

2

SVC, were reserved for future use in AVC, and must be
skipped according to the AVC specification.

The 1dentification of pictures and their scalability charac-
teristics within an SVC access unit 1s important at least for
two purposes. First, this identification 1s important for com-
pressed-domain stream thinning in servers or gateways. Due
to the requirement to handle large amounts of data, these
clements have to 1dentily removable pictures as quickly as
possible. Second, this identification 1s important for the play-
back of a stream with desired quality and complexity. Receiv-
ers and players should be able to 1dentity those pictures 1n a
scalable stream that they are incapable or unwilling to
decode.

One function of media-aware gateways or RTP mixers
(which may be multipoint conference control units, gateways
between circuit-switched and packet-switched video tele-
phony, push-to-talk over cellular (PoC) servers, IP encapsu-
lators 1n digital video broadcasting-handheld (DVB-H) sys-
tems, or set-top boxes that forward broadcast transmissions
locally to home wireless networks, for example) 1s to control
the bit rate of the forwarded stream according to prevailing
downlink network conditions. It 1s desirable to control the
forwarded data rate without extensive processing of the
incoming data, e.g., by simply dropping packets or easily
identified parts of packets. For layered coding, gateways
should drop entire pictures or picture sequences that do not
aifect the decoding of the forwarded stream. The interleaved
packetization mode of the H.264/AVC RTP payload specifi-
cation allows for the encapsulation of practically any NAL
units of any access units into the same RTP payload (referred
to as an aggregation packet). In particular, it 1s not required to
encapsulate entire coded pictures 1n one RTP payload, but
rather the NAL units of a coded picture can be split mto
multiple RTP packets.

While this liberty of packet aggregation 1s welcome for
many applications, it causes a number of complications 1n a
gateway operation. First, given an aggregation packet, 1t 1s not
known to which pictures 1ts NAL units belong to before
parsing the header of each NAL unit contained 1n the aggre-
gation packet. Therefore, when the interleaved packetization
mode 1s applied for SVC, the layers 1n which the contained
NAL units belong are not known before parsing the header of
cach NAL unit in the packet. Consequently, a gateway has to
parse each NAL unit header before deciding whether any, all,
or some NAL units of the packet are forwarded. Second, for
some NAL units, such as Supplemental Enhancement Infor-
mation (SEI) and parameter-set NAL units, 1t 1s not possible
to 1dentily the access unit they belong to before video coding
layer (VCL) NAL units of the same access unit are received.
Theretfore, the gateway may need to maintain a buffer and
some state information to resolve the mapping of non-VCL
NAL units to their associated pictures.

In conventional video coding standards, a picture header 1s
used to separate coded pictures. However, 1n the H.264/AVC
standard and 1n SVC, no picture header 1s included 1n the
syntax. Additionally, although parsers may have the ability to
parse the scalability information for each NAL unit in a
stream, this requires a bit larger amount of processing power,
and some parsers may not have this ability.

In addition to the above, an aggregator NAL unit has been
previously proposed in the SVC file format verification model
2 (MPEG document M7386). In this system, the aggregator
NAL unit 1s a container that includes the associated NAL
units 1n its payload. The aggregator NAL unit has a type that
1s unspecified 1n the H.264/AVC and SVC specifications and
must be 1ignored 1n H.264/AVC and SVC decoders. However,

when a base layer picture according to the H.264/AVC stan-
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dard 1s enclosed within an aggregator NAL unit, it no longer
1s decodable with an H.264/AVC decoder, nor 1s 1t parsable

with a H.264/AVC RTP depayloadizer or AVC file format
parset.

SUMMARY OF THE INVENTION

The present invention provides for an indirect aggregator
NAL unit for the SVC file format and RTP payload format.
The indirect aggregator NAL unit of the present invention
enables easy 1dentification of scalability dependencies within
the bitstream, thereby enabling fast and eflicient stream
manipulation. Furthermore, the indirect aggregator NAL unit
of the present invention ensures that the base layer of the
streams can still be processed with a H.264/AVC decoder,
AV file format parser, and H.264/AVC RTP payload parser.

These and other advantages and features of the invention,
together with the organization and manner of operation
thereot, will become apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings, wherein like elements have like numerals
throughout the several drawings described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic representation of the circuitry
included 1n an electronic device that 1s capable of serving as
an encoder or decoder to implement the functionality of the
present invention;

FIG. 2 shows a generic multimedia communications sys-
tem for use with the present invention; and

FIG. 3 shows an IP multicasting arrangement where each
router can strip the bitstream according to its capabilities.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present mnvention provides for an indirect aggregator
NAL unit, more generically a scalability information elemen-
tary data unit, for use 1n scalable video coding. The indirect
agoregator NAL unit does not contain other NAL unaits.
Instead, the indirect aggregator NAL unit of the present
invention contains mechanisms for associating itself with
other NAL units with 1t. These mechanisms include, but are
not limited to, the number of succeeding bytes, the number of
succeeding NAL units, and the number of remaining NAL
units within higher level framing. For example, remaiming,
NAL units within higher level framing are 1n the same RTP
payload i which the indirect aggregator NAL unit also
OCCUrs.

The structure for the indirect NAL unit of the present
invention further comprises property or characteristics infor-
mation that 1s common to all associated NAL units. The
common property or characteristics information includes, but
1s not limited to, the scalability information and whether the
associated NAL units form a scalable layer switching point, at
which a different scalable layer can switch to the current
layer. The scalability information may include at least the
“extended” NAL unit header specified 1n the SVC specifica-
tion, including the simple priority_id, discardable flag,
dependency_id, temporal_level, and quality_level syntax ele-
ments.

The indirect aggregator NAL unit of the present invention
1s selected from such NAL unit types that are specified as

types that are to be 1gnored by the processing units for the
H.264/AVC base layer only. In other words, the H.264/AVC

decoder, AVC file format parser, and H.264/AVC RTP depay-
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4

loadizer should 1gnore the indirect aggregator NAL unit of the
present invention. Furthermore, the indirect aggregator NAL
unit may be 1gnored by the SVC decoder, as 1t causes no
normative elfect in the decoding process. An example syntax

and semantics of the indirect aggregator NAL unit for the
SVC file format, and another example for the SVC RTP
payload format, are provided below. It should also be noted
that the present invention 1s not limited to these particular
examples of encapsulation and coding formats.

In terms of the SVC file format, aggregator NAL units
ecnable the NALU-map-group entries to be consistent and
repetitive. Aggregator NAL units are used to group SVC NAL
units belonging to the same sample and having the same
scalability information. Aggregator NAL units use the same
header as scalable extension NAL units (SVC NAL units) but
a new NAL umt type. An aggregator NAL unit may contain
extractor NAL units. An extractor NAL unit may reference
agoregator NAL units.

When scanning the stream, 1f the aggregator NALU 1s not
needed (1.e. it belongs to an undesired layer), 1t and 1ts con-
tents are easily discarded (using 1ts length field). IT the aggre-
gator NALU 1s needed, 1ts header 1s easily discarded and 1ts
contents retained.

An aggregator NAL unit encapsulates two or more SVC
NAL units into a new NAL umt. The aggregator NAL unit
uses a NAL unit header with the same syntax as SVC NAL
units (as specified in SVC specification). An aggregator NAL
unit 1s stored within a sample like any other NAL unat.

All NAL units remain 1n decoding order within an aggre-
gator NAL unit. If NAL units are grouped which belong to the
same quality_level, then the order of NAL units with quali-
ty_level>0 may change. Syntax for the aggregator NAL umit
1s as follows.

class aligned(8) AggregatorNALUnit(AggregatorNALUnitSize) {
unsigned int 1 = 2;
/* NALUnitHeader as specified in the SVC spec */
bit(1) forbidden_ zero_ bit;
bit(2) NAL_ ref  idc;
bit(5) NAL__unit__type = AggregatorNALUnitType = const(30);
bit(6) simple__dependency_ ID;
bit(1) discardable_ flag;
bit(1) extension_ flag;
if (extension_ flag) {

quality__level = simple_ dependency_ ID;

bit (3) temporal _ level;
bit (3) dependency_ ID;
o1t (2) quality_ ID;
1++;

h

/* end of NAL unit header */
do {
unsigned mt{(lengthSizeMinusOne+1 )*&)
NALUnitLength;
bit(NALUnitLength * 8) SVCNALUnit;
1 += (lengthSizeMinusOne+1)+NALUnitLength;
I while (i<AggregatorNALUnitSize);

The semantics for an aggregator NAL unit are as follows.
NALUmnitHeader: (8 or 16 bit) as specified 1n the SVC speci-

fication:

NAL_unit type 1s set to the aggregator NAL unit type (type
30).

Scalability information (INAL_ref_idc, simple_dependen-
cy_ID, discardable_flag, extended scalability informa-
tion) shall have the same values as within the header of

every aggregated NAL unait.

NALUmtLength: Specifies the size of the NAL unit follow-
ing. The size of this field 1s specified with the length-
S1zeMinusOne entry.
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SVCNALUnit: SVC NAL unit as specified 1n the SVC speci-
fication, including the SVC NAL unit header. The size of

the SVC NAL unait 1s specified by NALUnitLength.

It 1s assumed that an aggregator NAL unit collects SVC
NAL units of the same scalability layer. It could group SVC
NAL units of different layers as well (e.g. grouping of all
quality levels (FGS fragments), grouping of all NAL units
with the same dependency_ID). In this case, the aggregation
NAL unit header would signal scalability information of SVC
NAL units with the lowest dependency_ID and/or tempo-
ral_level, quality_ID.

Aggregator NAL units can be used to group SVC NAL

units belonging to a level of scalability which may not be
signalled by the NAL unit header (e.g. SVC NAL units

belonging to a region of interest). The description of such
aggregator NAL unit might be done with the layer description
and the NAL unit map groups. In this case, more than one

aggregator NAL unit with the same scalability information

may occur in one sample.

Aggregator NAL units can lead to a constant number of
NAL units for each layer 1n every AU. To ensure a constant
pattern, the following could occur. The AVC base layer
NALUSs can be grouped 1n an aggregator NAL unit (1f used in
an SVC stream). In this case, temporal _level, dependency_ID
and quality_ID are all set to 0. The AVC base layer NALUSs
can be referenced by an extractor NAL. If, for some reasons,
no NALU of a particular layer exists in this AU, then an empty
agoregator NAL units may exist at this position.

In terms of an RTP Payload Format for SVC Video, a
Payload Content Scalability Information NAL Unit 1s gener-
ally as follows. An SVC NAL unit includes a header of one,
two or three bytes and the payload byte string. The header
indicates the type of the NAL unit, the (potential ) presence of
bit errors or syntax violations in the NAL unit payload, infor-
mation regarding the relative importance of the NAL unait for
the decoding process, and (optionally, when the header 1s of
three bytes) the scalable layer decoding dependency informa-
tion.

The NAL unit header co-serves as the payload header of
this RTP payload format. The payload of a NAL unit follows
immediately. The syntax and semantics of the NAL unit
header are specified i [SVC], but the essential properties of
the NAL unit header are summarized below.

The first byte of the NAL unit header has the following

format:

forbidden_zero_bit (F): 1 bit. The H.264 specification
declares a value of 1 as a syntax violation.

nal_ref_idc (NRI): 2 bits. A value of 00 indicates that the
content of the NAL unit 1s not used to reconstruct reference
pictures for inter picture prediction. Such NAL units can be
discarded without risking the integrity of the reference pic-
tures 1n the same layer. Values greater than 00 indicate that the
decoding of the NAL unit 1s required to maintain the integrity
of the reference pictures. For a slice or slice data partitioning
NAL unit, a NRI value of 11 indicates that the NAL unit
contains data of a key picture, as specified 1n [SV(].

Informative Note: The concept of a key picture has been
introduced 1n SVC, and no assumption should be made that
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6

any pictures 1n bit streams compliant with the 2003 and 2005
versions of H.264 follow this rule.

nal_unit_type (Type): 5 bits. This component specifies the
NAL unit payload type. Previously, NAL unit types 20 and 21
(among others) have been reserved for future extensions.
SVC 1s using these two NAL unit types. They indicate the
presence ol one more byte that 1s helpfiul from a transport
viewpoint.

(O] L[ 2]3]4]5]6]7]
t—f—t—F—F—F——F—+
| PRID |ID| E|

simple_priority_1d (PRID): 6 bits. This component speci-
fies a priority identifier for the NAL unit. When extension flag
1s equal to 0, simple priority_id 1s used for inferring the
values of dependency_id, temporal_level, and quality_level.
When simple_priority_1d 1s not present, it 1s inferred to be

equal to 0.
discardable_flag (D): 1 bit. A value of 1 indicates that the
content of the NAL unit (dependency_

id=currDependencyld) 1s not used 1n the decoding process of
NAL units with dependency_id>currDependencyld. Such
NAL units can be discarded without risking the integrity of
higher scalable layers with larger values of dependency_id.
discardable_flag equal to O indicates that the decoding of the
NAL unit 1s required to maintain the integrity of higher scal-
able layers with larger values of dependency_id.
extension_flag (E): 1 bit. A value of 1 indicates that the
third byte of the NAL unit header 1s present. When the E-bit

of the second byte 1s 1, then the NAL unit header extends to a
third byte:

temporal_level (TL): 3 bits. This component 1s used to
indicate temporal scalability or frame rate. A layer consisted
of pictures of a smaller temporal_level value has a smaller
frame rate.

dependency_id (DID): 3 bits. This component 1s used to
indicate the inter-layer coding dependency hierarchy. At any
temporal location, a picture of a smaller dependency_i1d value
may be used for inter-layer prediction for coding of a picture
with a larger dependency_id value.

Quality_level (QL): 2 bits. This component 1s used to 1ndi-
cate FGS layer hierarchy. At any temporal location and with
identical dependency_id value, an FGS picture with quali-
ty_level value equal to QL uses the FGS picture or base
quality picture (the non-FGS picture when QL-1=0) with
quality_level value equal to QL-1 for inter-layer prediction.
When QL 1s larger than 0, the NAL unit contains an FGS slice
or part thereof.

In this embodiment, a new NAL unit type, referred to as
payload content scalability information (PACSI) NAL unit, 1s
specified. The PACSI NAL unit, 1f present, must be the first
NAL unit in aggregation packets, and 1t must not be present in
other types of packets. The PACSI NAL unit indicates scal-
ability characteristics that are common for all the remaining
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NAL units 1n the payload, thus making it easier for MANEs to
decide whether to forward or discard the packet. Senders may
create PACSI NAL units, and recetvers can 1gnore them.

The NAL unit type for the PACSI NAL unit 1s selected
among those values that are unspecified in the H.264/AVC >
specification and in RFC 3984, Thus, SVC streams having
H.264/AVC base layer and including PACSI NAL units can
be processed with RFC 3984 receivers and H.264/AVC

decoders.

When the first aggregation unit of an aggregation packet
contains a PACSI NAL unait, there must be at least one addi-
tional aggregation unit present in the same packet. The RTP
header fields are set according to the remaiming NAL units in
the aggregation packet.

When a PACSI NAL unit 1s included 1n a multi-time aggre-
gation packet, the decoding order number for the PACSI NAL
unit must set to indicate that the PACSI NAL unait 1s the first
NAL unit 1n decoding order among the NAL umits in the
aggregation packet or the PACSI NAL unit has an 1dentical
decoding order number to the first NAL unit 1n decoding
order among the remaining NAL units 1n the aggregation

packet.
The structure of PACSI NAL unait 1s specified as follows.

10
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25
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0123456789 0123454678901 223
ettt —t—t—t ==t —F —F— =t —F —F—F—F—F —F —F—F—F—F—+—+

[F|NRI| Type | PRID ID|E| TL | DID | QL]
bttt —t =t — =t —f—f—t——f —f—f—p—F —p— A —f—f—+—+

30

The values of the fields in PACSI NAL unit must be set as
follows.

The F bitmustbe set to 1 if the F bit in any remaining NAL 35
unmit in the payload 1s equal to 1. Otherwise, the F bit
must be set to 0.

The NRI field must be set to the highest value of NRI field
among the remaining NAL units 1n the payload.

The Type field must be set to 30. 40

The PRID field must be set to the lowest value of the PRID
field among the remaining NAL units 1n the payload. If
the PRID field 1s not present in one of the remaining
NAL units 1n the payload, the PRID field in the PACSI
NAL umt must be set to 0. 45

The D bit must be setto 0 if the D bit 1n any remaining NAL
umit 1n the payload 1s equal to 0. Otherwise, the D bt
must be set to 1.

The E bit must be set to 1.

The TL field must be set to the lowest value of the TL field 5o
among the remaining NAL units 1n the payload.

The DID field must be set to the lowest value of the DID
field among the remaining NAL units in the payload.

The QL field must be set to the lowest value of the QL field
among the remaining NAL units 1n the payload. 55

The indirect aggregator NAL unit of the present invention
enables easy 1dentification of scalability dependencies within
the bitstream, thus enabling fast and efficient stream manipu-
lation. The indirect aggregator NAL unit ensures that the base
layer of the streams can still be processed with a H.264/AVC 60
decoder, AVC file format parser, and H.264/AVC RTP pay-
load parser.

In the case of decoding, 1t should be noted that the bit-
stream to be decoded can be recetved from a remote device
located within virtually any type ol network. Additionally, the 65
bitstream can be recetved from local hardware or software. It
should also be understood that, although text and examples
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contained herein may specifically describe an encoding pro-
cess, one skilled 1n the art would readily understand that the
same concepts and principles also apply to the corresponding
decoding process and vice versa.

FIG. 1 shows one representative electronic device 12
within which the present invention may be implemented, both
on the encoding side and the decoding side. It should be
understood, however, that the present imvention 1s not
intended to be limited to one particular type of electronic
device 12. The electronic device 12 of FIG. 1 includes a
display 32, akeypad 34, a microphone 36, an ear-piece 38, an
infrared port 42, an antenna 44, a smart card 46 1n the form of
a UICC according to one embodiment of the invention, a card
reader 48, radio interface circuitry 52, codec circuitry 54, a
controller 56 and a memory 58. Individual circuits and ele-
ments are all of a type well known 1n the art, for example in the
Nokia range of mobile telephones.

FIG. 2 shows a generic multimedia communications sys-
tem for use with the present mnvention. A data source 100
provides a source signal 1n an analog, uncompressed digital,
or compressed digital format, or any combination of these
formats. An encoder 110 encodes the source signal into a
coded media bitstream. The encoder 110 may be capable of
encoding more than one media type, such as audio and video,
or more than one encoder 110 may be required to code dii-
terent media types of the source signal. The encoder 110 may
also get synthetically produced input, such as graphics and
text, or it may be capable of producing coded bitstreams of
synthetic media. In the following, only processing of one
coded media bitstream of one media type 1s considered to
simplity the description. It should be noted, however, that
typically real-time broadcast services comprise several
streams (typically at least one audio, video and text sub-titling
stream). It should also be noted that the system may include
many encoders, but 1n the following only one encoder 110 1s
considered to simplily the description without a lack of gen-
crality.

The coded media bitstream 1s transierred to a storage 120.
The storage 120 may comprise any type of mass memory to
store the coded media bitstream. The format of the coded
media bitstream 1n the storage 120 may be an clementary
self-contained bitstream format, or one or more coded media
bitstreams may be encapsulated into a container file. Some
systems operate “live”, 1.e. omit storage and transfer coded
media bitstream from the encoder 110 directly to the sender
130. The coded media bitstream 1s then transferred to the
sender 130, also referred to as the server, on a need basis. The
format used 1n the transmission may be an elementary seli-
contained bitstream format, a packet stream format, or one or
more coded media bitstreams may be encapsulated 1nto a
container file. The encoder 110, the storage 120, and the
server 130 may reside 1in the same physical device or they may
be included 1n separate devices. The encoder 110 and server
130 may operate with live real-time content, 1n which case the
coded media bitstream 1s typically not stored permanently,
but rather buifered for small periods of time 1n the content
encoder 110 and/or 1n the server 130 to smooth out variations
in processing delay, transter delay, and coded media baitrate.

The server 130 sends the coded media bitstream using a
communication protocol stack. The stack may include but 1s
not limited to Real-Time Transport Protocol (RTP), User
Datagram Protocol (UDP), and Internet Protocol (IP). When
the communication protocol stack i1s packet-oriented, the
server 130 encapsulates the coded media bitstream 1nto pack-
ets. For example, when RTP 1s used, the server 130 encapsu-
lates the coded media bitstream into RTP packets according to
an RTP payload format. Typically, each media type has a
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dedicated RTP payload format. It should be again noted that
a system may contain more than one server 130, but for the
sake of simplicity, the following description only considers
one server 130.

The server 130 may or may not be connected to a gateway
140 through a commumnication network. The gateway 140
may perform different types of functions, such as translation
ol a packet stream according to one communication protocol
stack to another communication protocol stack, merging and
forking of data streams, and manipulation of data stream
according to the downlink and/or receiver capabilities, such
as controlling the bit rate of the forwarded stream according
to prevailing downlink network conditions. Examples of
gateways 140 include multipoint conierence control units
(MCUs), gateways between circuit-switched and packet-
switched video telephony, Push-to-talk over Cellular (PoC)
servers, [P encapsulators 1 digital video broadcasting-hand-
held (DVB-H) systems, or set-top boxes that forward broad-
cast transmissions locally to home wireless networks. When
RTP 1s used, the gateway 140 1s called an RTP mixer and acts
as an endpoint of an RTP connection.

The system includes one or more recervers 150, typically
capable of receiving, de-modulating, and de-capsulating the
transmitted signal into a coded media bitstream. The codec
media bitstream 1s typically processed turther by a decoder
160, whose output 1s one or more uncompressed media
streams. Finally, a renderer 170 may reproduce the uncom-
pressed media streams with a loudspeaker or a display, for
example. The recewver 150, decoder 160, and renderer 170
may reside 1n the same physical device or they may be
included in separate devices.

Scalability 1n terms of bitrate, decoding complexity, and
picture size 1s a desirable property for heterogeneous and
error prone environments. This property 1s desirable 1n order
to counter limitations such as constraints on bit rate, display
resolution, network throughput, and computational power in
a recerving device.

Scalability can be used to improve error resilience 1n a
transport system where layered coding 1s combined with
transport prioritization. The term “transport prioritization”™
refers to various mechanisms to provide different qualities of
service 1n transport, including unequal error protection, to
provide different channels having different error/loss rates.
Depending on their nature, data are assigned difierently. For
example, the base layer may be delivered through a channel
with high degree of error protection, and the enhancement
layers may be transmitted through more error-prone chan-
nels.

In multi-point and broadcast multimedia applications, con-
straints on network throughput may not be foreseen at the
time of encoding. Thus, a scalable bitstream should be used.
FIG. 3 shows an IP multicasting arrangement where each
router can strip the bitstream according to i1ts capabilities.
FIG. 3 shows a server S providing a bitstream to a number of
clients C1-C3. The bitstreams are routed to the clients by
routers R1-R3. In this example, the server 1s providing a clip
which can be scaled to at least three bit rates, 120 kbat/s, 60
kbit/s and 28 kbit/s.

If the client and server are connected via a normal unicast
connection, the server may try to adjust the bit rate of the
transmitted multimedia clip according to the temporary chan-
nel throughput. One solution 1s to use a layered bit stream and
to adapt to bandwidth changes by varying the number of
transmitted enhancement layers.

The present invention 1s described in the general context of
method steps, which may be implemented 1n one embodiment
by a program product including computer-executable mnstruc-
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tions, such as program code, executed by computers 1n net-
worked environments. Generally, program modules include
routines, programs, objects, components, data structures, etc.
that perform particular tasks or implement particular abstract
data types. Computer-executable instructions, associated
data structures, and program modules represent examples of
program code for executing steps of the methods disclosed
herein. The particular sequence of such executable nstruc-
tions or associated data structures represents examples of
corresponding acts for implementing the functions described
in such steps.

Software and web 1mplementations of the present imven-
tion could be accomplished with standard programming tech-
niques with rule based logic and other logic to accomplish the
various database searching steps, correlation steps, compari-
son steps and decision steps. It should also be noted that the
words “component” and “module,” as used herein and 1n the
claims, 1s intended to encompass implementations using one
or more lines of software code, and/or hardware implemen-
tations, and/or equipment for receiving manual inputs.

The foregoing description of embodiments of the present
invention have been presented for purposes of illustration and
description. It 1s not intended to be exhaustive or to limait the
present ivention to the precise form disclosed, and modifi-
cations and variations are possible 1n light of the above teach-
ings or may be acquired from practice of the present mven-
tion. The embodiments were chosen and described 1n order to
explain the principles of the present invention and 1ts practical
application to enable one skilled in the art to utilize the
present mvention 1n various embodiments and with various
modifications as are suited to the particular use contemplated.

What 1s claimed 1s:

1. A method for encapsulating a scalable coded video sig-
nal including a base layer of a coded picture and at least one
enhancement layer of the coded picture, comprising:

selecting at least one network abstraction layer (NAL) unit
of the coded picture to be encapsulated 1into an aggrega-
tor NAL unait;

generating a scalability information NAL unit associated
with the at least one NAL unit, wherein the scalability
information NAL unit 1s associated with one of:

the at least one NAL unait; or

a number of NAL units succeeding the scalability informa-
tion NAL unit; and

encapsulating the scalability information NAL unit and the
at least one NAL unit into the aggregator NAL unit.

2. The method of claim 1, wherein, in response to the
scalability imnformation NAL umt being associated with a
number of NAL units succeeding the scalability information
NAL unit, the method further comprises generating an indi-
cation, wherein the indication 1s one of:

a number of bytes succeeding the scalability information
NAL unit, wherein the number of bytes encloses the
number of NAL units; or

the number of NAL units succeeding the scalability infor-
mation NAL unit.

3. The method of claim 1, wherein the scalability informa-
tion NAL unit 1s configured to be 1gnored during decapsula-
tion.

4. The method of claim 1, wherein the scalability informa-
tion 1s selected from the group consisting of a priority iden-
tifier for an NAL unit, temporal level, dependency order indi-
cator, quality level, an indicator of whether NAL units
associated with a higher dependency order indicator require
the at least a portion of the associated NAL units for decoding,
an 1ndicator of whether the associated NAL units belong to a
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layer switching point wherein a different layer can switch to
the current layer, and combinations thereof.

5. The method of claim 1, wherein the scalable coded video
signal 1s encapsulated into a sequence of packets and the
aggregator NAL unit 1s a packet payload.

6. The method of claim 5 wherein the sequence of packets
comprises a real-time transport protocol (RTP) stream.

7. The method of claim 1, wherein the scalable coded video
signal 1s encapsulated into at least one file according to the at
least one file format, and the aggregator NAL unit 1s a sample
according to the at least one file format.

8. The method of claim 7, further comprising:

generating the scalability information NAL unit associated

with a first subset of the at least one NAL unit, the first

subset comprising NAL units of the base layer of the
coded picture; and

encapsulating a second subset of the at least one NAL umit
into another aggregator NAL unit.

9. A non-transitory computer-readable medium compris-
ing a computer program for encapsulating a scalable coded
video signal mncluding a base layer of a coded picture and at
least one enhancement layer of the coded picture, the com-
puter program comprising computer code for:

selecting at least one network abstraction layer (NAL) unit
ol the coded picture to be encapsulated 1into an aggrega-
tor NAL unit;

generating a scalability information NAL unit associated
with the at least one NAL, unit, wherein the scalability
information NAL unit 1s associated with one of:

the at least one NAL unait; or

anumber of NAL units succeeding the scalability informa-
tion NAL unit; and

encapsulating the scalability information NAL unit and the
at least one NAL unit into the aggregator NAL unit.

10. The non-transitory computer-readable medium of
claim 9, wherein the computer program comprises computer
code for generating an indication in response to the scalability
information NAL unit being associated with a number of
NAL units succeeding the scalability information NAL unait,
wherein the indication 1s one of:

a number of bytes succeeding the scalability information
NAL unit, wherein the number of bytes encloses the
number of NAL units; or

the number of NAL units succeeding the scalability infor-
mation NAL unit.

11. The non-transitory computer-readable medium of
claim 9, wherein the computer program comprises computer
code for 1ignoring the scalability information NAL unit during
decapsulation.
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12. The non-transitory computer-readable medium of
claim 9, wherein the scalability information 1s selected from
the group consisting of a priority identifier for an NAL unat,
temporal level, dependency order indicator, quality level, an
indicator of whether NAL units associated with a higher
dependency order indicator require the at least a portion of the
associated NAL units for decoding, an indicator of whether
the associated NAL units belong to a layer switching point
wherein a different layer can switch to the current layer, and
combinations thereof.

13. The non-transitory computer-readable medium of
claim 9, wherein the scalable coded video signal 1s encapsu-
lated 1nto a sequence of packets and the aggregator NAL unit
1s a packet payload.

14. The non-transitory computer-readable medium of
claim 9, wherein the scalable coded video signal 1s encapsu-
lated 1nto at least one file according to the at least one file
format, and the aggregator NAL unit 1s a sample according to
the at least one file format.

15. The non-transitory computer-readable medium of
claim 14, wherein the computer program comprises computer
code for:

generating the scalability information NAL unit associated
with a first subset of the at least one NAL unit, the first
subset comprising NAL units of the base layer of the
coded picture; and

encapsulating a second subset of the at least one NAL unit
into another aggregator NAL unit.

16. An electronic device for encapsulating a scalable coded

video signal, comprising:

a processor; and a memory unit communicatively con-
nected to the processor and including a computer pro-
gram product for encapsulating a scalable coded video
signal including a base layer of a coded picture and at
least one enhancement layer of the coded picture, com-
prising:

computer code for selecting at least one network abstrac-
tion layer (NAL) unit of the coded picture to be encap-
sulated into an aggregator NAL unait;

computer code for generating a scalability information
NAL unit associated with the at least one NAL umit
wherein the scalability information NAL unit 1s associ-
ated with one of:

the at least one NAL unait; or

a number of NAL units succeeding the scalability informa-
tion NAL unit; and

computer code for encapsulating the scalability informa-
tion NAL unit and the at least one NAL unit into the
aggregator NAL unit.
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